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PROGRAM INFORMATION

Description of Program

CAXPILE, called X@P6@ in the Conversationally Oriented Real-Time Program-

" Generating System (CORPS) Library, is a computer program for the soil-
structure interaction analysis of axially loaded piles. The model employed
for the analysis of the pile-soil system is a special case of a general beam-
column with the soil modeled by linear and/or nonlinear springs. It is
intended to be an easy-to-use program incorporating the capabilities required
by a diverse group of users. CAXPILE utilizes the finite element method of
structural analysis to model the pile.

Coding and Data Format

CAXPILE is written in FORTRAN and is operational on the following systems:

WES Honeywell DPS/I1.

|

b. Harris 500 computers which are located at most district Corps offices.

Control Data Corporation, Cybernet Computer Service's CDC CYBER
systems.

je

Data can be input either interactively at execute time or from a prepared
data file with line numbers. Output may be directed to an output file or
come directly back to the terminal.

How to Use CAXPILE

A short description of how to access the program on each of the three systems
is provided below. It is assumed that the user knows how to sign on the
appropriate system before trying to use CAXPILE. In the example initiation
of execution commands below, all user responses are underlined, and each
should be followed by a carriage return.

WES Honeywell System

After the user has signed on the system, the two system commands FORT and NEW
get the user to the level to execute the program. Next, the user issues the
run command

RUN WESLIB/CORPS/XP@69,R

to initiate execution of the program. The program is then run as described
in this user's guide. The data file should be prepared prior to issuing the
RUN command. An example initiation of execution is as follows, assuming a
data file had previously been prepared:

it e




HIS SERIES 600 ON 03/04/81 AT 13.301 CHANNEL 5647
USER ID - ROKACASECON

PASSWORD - XXXXXXXXXXXXXX

SYSTEM? FORT NEW

READY

*RUN WESLIB/CORPS/X@P6{,R

CDC, Cybernet System ;

The log-on procedure is followed by a call to the CORPS procedure file

OLD, CORPS/UN=CECELB

to access the CORPS Library. The file name of the program is used in the {
command ¢

BEGIN, ,CORPS, X960

to initiate execution of the program. An example is:

$4/01/25 10.32.51 AC2ES5DA

EASTERN CYBERNET CENTER SN487 NOS 1.4/531.281/20AD
FAMILY: KOE

USER NAME: CEROC2

PASSWORD -

XKXXXKX

TERMINAL: 510, NAMIAF

RECOVER/CHARGE: CHARGE, CEXXXXX, YYYYYY
/OLD, CORPS/UN=CECELB
/BEGIN, ,CORPS/XPP60

Local District Harris Systems

After the user has signed on the system, the command to execute the CORPS
program will be

*CORPS, XP969

An example to illustrate the log-on and execution procedure on one Harris 500
is shown below. There may be some differences at some local Corps sites.

"ACOE ~ VICKSBURG"
USER #? NNNNWES WESXXX

et

.
/
[




** Good Morning 25 Jan 84 9:56:31
VED HARRIS 500

*CORPS, XPp69

How to Use CORPS

The CORPS system contains many other useful programs which may be catalogued
from CORPS by use of the LIST command. The execute command for CORPS on the
WES system is:

RUN WESLIB/CORPS/CORPS,R
ENTER COMMAND (HELP,LIST,BRIEF,MESSAGE,EXECUTE, OR STOP)
*?LIST

On the Cybernet system, the commands are:

OLD, CORPS /UN=CECELB

BEGIN, ,CORPS, CORPS

ENTER COMMAND (HELP,LIST,BRIEF,MESSAGE,EXECUTE, OR STOP)
*?LIST

On the Harris local systems, the commands are:
*CORPS

ARE YOU USING A PRINTER TERMINAL OR CRT?
ENTER P OR C

[4

ENTER COMMAND (BRIEF,EXECUTE,LIST,HELP,STOP):
LIST
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PREFACE

This user's guide provides instructions for using a computer pro-
gram called CAXPILE that can be a tool in analysis of axially loaded
piles in which load applied to the top (head) of the pile is resisted
by a combination of skin friction and point (tip) bearing. Some crite-
ria used in the program, although the best available, are not adequately
verified by field tests. Therefore, good engineering judgment is re-
quired in the use of this program.

The work in writing the computer program and the user's guide was
accomplished with funds provided to the U. S. Army Engineer Waterways
Experiment Station (WES), Vicksburg, Miss., by the Civil Works Research
and Development Program of the Office, Chief of Engineers, U. S. Army
(OCE), under the Structural Engineering Research Program work unit of
the Soil-Structure Interaction (SSI) Studies Project.

The computer program and user's guide were written by
Dr. William P. Dawkins, P.E., of Stillwater, Okla., using criteria
provided bv WES.

Dr. N. Radhakrishnan, Special Technical Assistant, Automatic Data
Processing (ADP) Center, WES, and SSI Studies Project Manager, coordi-
nated and monitored the work. Messrs. H. Wayne Jones and Reed L. Mosher,
Computer—-Aided Design Group, provided technical assistance in developing
and evaluating the program. Mr. Donald R. Dressler was the point of
contact in OCE.

Commanders and Directors of WES during the development of this
program were COL N. P, Conover, CE, and COL T. C. Creel, CE. Technical

Director was Mr. F. R. Brown.
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(metric) units as follows:

Non-SI units of measurement used in

CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

this report can be converted to SI

square foot

Multiply By To Obtain
feet 0.3048 meters
inches 0.0254 meters
kips (1000 1b force) 4.448222 kilonewtons
pounds (force) per foot 14.59390 newtons per meter
pounds (force) per square foot 47.88026 pascals
pounds (force) per square inch 6.894757 kilopascals
pounds (mass) per cubic foot 16.01846 kilograms per cubic meter
square inches 0.00064516 square meters
tons (2000 1b force) per 95.76052 kilopascals
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USER'S GUIDE: COMPUTER PROGRAM FOR SOIL-STRUCTURE INTERACTION

ANALYSIS OF AXIALLY LOADED PILES (CAXPILE)*

PART I: INTRODUCTION

General Program Description

1. This report describes a computer program—-CAXPILE--for analy-
sis of axially loaded piles in which the load applied to the top (head)
of the pile is resisted by a combination of skin friction and point
(tip) bearing. The axially loaded pile is a special case of a beam-
column with nonlinear supports. CAXPILE is a special-purpose applica-
tion of the general-purpose, beam-column analysis program CBEAMC
(Reference 1).

2. The relationship between side friction and/or tip force and
the displacements of the pile may be provided as nonlinear force-
displacement curves or in the form of soil properties. Development of
nonlinear force-displacement curves is described in Reference 2. Only
those procedures used internally by the program to convert input soil
properties to nonlinear force-displacement curves are described in de-

tail herein.

Organization of Report

3. The remainder of this report is organized as follows:

a. Part II: Describes the pile-soil system and the assump-
tions used in the analysis.

* CAXPILE is designated X0060 in the Conversationally Oriented Real-
Time Program-Generating System (CORPS) library. Three sheets en-
titled 'PROGRAM INFORMATION" have been hand-inserted inside the front
cover. They present general information on CAXPILE and describe how
it can be accessed. If procedures used to access this and other CORPS
programs should change, recipients of this report will be furnished

revised versions of the "PROGRAM INFORMATION" sheets.
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Part 1I1: Presents the procedures employed to generate
nonlinear force-~displacement curves from soils data.

c. Part IV: Outlines the method of solution.
d. Part V: Guide for data input.
e. Part VI: Provides example solutions obtained with the

program.

Remarks
4. CAXPILE has been checked for computational accuracy within
reasonable limits. However, there may exist unusual situations which
were not anticipated which may cause the program to produce question-
able results. Criteria for this program were provided by the Corps of
Engineers. Although it is the best available, some of these criteria
are not verified by test results. In particular, the procedures used
to convert soil properties to nonlinear force~displacement curves embody
a substantial amount of conjecture, and they must be viewed only as a
preliminary approach until they have been verified by extensive compari-~
sons with test results. It is the responsibility of the user to use

good engineering judgment to determine the validitv of the results.




PART I1: PILE-SOIL SYSTEM

General

! 5. The pile~soil system considered for analysis is shown in Fig-

ure 1. Characteristics and assumptions for each of the system compo-

nents are described below.

’/F-Pile Head

Ground Surface
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N pilte Tip

Figure 1. Pile-soil system
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Pile

6. The configuration and structural behavior assumed for the pile

are:

. The pile is vertical and has a straight centroidal axis.

o [®

The pile is composed of a sequence of prismatic, homoge-
neous, linearly elastic segments.

c. Loading effects are parallel to the axis of the pile and
result only in vertical (axial) displacements.

[E=N

Axial strains produced by axial displacements are ''small."

Soil System

; 7. The soil system surrounding the pile is assumed to possess the
following characteristics:

. The soil profile is composed of horizontal layers.

o |®

. A layer may be either cohesive (clay) or cohesionless
(sand).

. The saturated unit weight of the soil is constant through-~
out the layer.

([=

Soil properties (angle of internal friction for sand, and
cohesion and stress-strain behavior for clay) follow a
continuous straight-line variation from top to bottom of a
layer.

Groundwater

8. Groundwater is assumed to influence the effective vertical

%

pressure in the soil, Effective unit weight of soil below groundwater
elevation is obtained by subtracting the unit weight of water from the
unit weight of soil provided as input. Groundwater does not produce

any other loading effect.

P RIS Y o i O




PART III: SOIL FORCE-DISPLACEMENT CURVES

General

9. The procedures used to convert soil properties to nonlinear

force-displacement curves are based on information contained in Refer-

ences 2 through 6. Extrapolation of the basic data to the general pile-

soil system considered herein has not been completely substantiated by
experiments. Consequently, good engineering judgement must be applied

in using the results of this program.

Effective Depth

10. The methodologies contained in the references were based on
experimental results for prismatic piles driven into essentially homo-
geneous soil media. Relationships between forces (side friction and
tip reaction) and displacements were expressed in terms of depth for
clays or the ratio of depth to pile diameter for sands. Because the
soil media were homogeneous, depths used for correlation were actual
distances below ground surface.

11. In order to extend the force-displacement relationships

reported in the literature to nonprismatic piles in layered soil systems,

an "effective" depth or "effective" depth to diameter ratio is defined
at any point on the pile as follows:

a. The effective vertical soil pressure, including the
buoyant effect of groundwater, is determined for the
point of interest.

b. The "effective" depth at the point is equal to the effec-
tive vertical pressure divided by the effective unit
weight of soil at the point. (In essence, the nonhomoge-
neous medium is replaced by an equivalent homogeneous
soil.)

c. The "effective" depth to diameter ratio is obtained as
the ratio of effective depth to diameter of the pile at
the point of interest. Note that the depth to diameter
ratio defined in this manner will result in dual values
in nonprismatic piles at points where abrupt changes in
diameter occur.

A i it oo i




Side Friction Force-Displacement Curves for Clay

12. The relationship between load transfer (side friction) and
displacement was investigated in References 3 and 4 using data from field
tests of instrumented piles drivem into clay. It was concluded that the
force~displacement relationship could be represented by three curves for
depths of 0 to 10 ft,* 10 ft to 20 ft, and greater than 20 ft,
respectively.

13, Piecewise linear representations (Figure 2) of the three
curves presented in References 3 and 4 have been incorporated into
CAXPILE. The curves shown in Figure 2 relate the fraction of ultimate
side friction (ratio of side friction to soil shear strength) to dis-
placement of the point of interest.

14, References 3 and 4 also indicate that the nominal shear
strength (cohesion) of the clay must be adjusted to account for driving
effects. The shear strength to be used for determining side friction is
obtained by multiplying the nominal cohesion by a shear strength coeffi-
cient whose magnitude is a function of the nominal cohesion (see Fig-
ure 19, Reference 3). The representation of the shear strength coeffi-
cient as a function of nominal cohesion used in CAXPILE is shown in
Figure 3.

15. A side friction force-displacement curve for clay at a point
on the pile is developed in CAXPILE as follows:

a. The effective vertical soil pressure (pv), nominal chear
strength (C), pile diameter (B), and effective unit soil
weight (v or y') are determined for the point. .

b. The effective depth (D) at the point is obtained from

D =p,/v

LT,

* A table of factors for converting non-SI units of measurement to
SI (metric) units is presented on page 4.

10
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The appropriate load transfer curve (Figure 2) is
selected:

(1) Curve A for 0 <D < 10 ft.
(2) Curve B for 10 < D < 20 f¢t.
(3) Curve C for D > 20 ft.

The shear strength coefficient (K) is determined (Fig-
ure 3).

The final side friction force-displacement curve is
obtained by multiplying the ordinates of the load transfer
curve by the force multiplier (FMUL)

FMUL = w+B+K-C

Side Friction Force-Displacement Curves for Sand

16. There are conflicting opinions regarding the relationship

between side friction and displacements for piles in sand (Reference 2).

The procedures for developing side friction forces incorporated in

CAXPILE are only intended to provide an approximate estimate of the pile

force-displacement behavior.

17. Because of the conflicting opinions regarding the side

friction-displacement relationship for sand, the following assumptions

were incorporated in CAXPILE:

a.

It is assumed that the proportion of ultimate side fric-
tion developed at a given displacement is independent of
all other system properties. This results in a single
load transfer curve being used for all points in the
sand layer. The single curve used in CAXPILE (Figure 4)
embodies some of the essential characteristics of the
conflicting views (References 2 and 5) but conforms to
neither.

It is assumed that the ultimate side friction at a point
is dependent on the ratio of depth to pile diameter (D/B)
and angle of internal friction (¢). Figure 24 of Refer-
ence 6 provides curves relating ultimate unit side fric-
tion to D/B and ¢. The piecewise linear approximations

of these curves for internal friction angles of 30°, 33°,
and 37° are shown in Figure 5. In CAXPILE, the depth used

12
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in determining D/B for these curves is interpreted as the
effective depth discussed above. The curves are assumed
to produce constant ultimate side friction for values of
D/B greater than 45. Ultimate side friction for internal
friction angle other than 30°, 33°, and 37° is obtained
from a parabolic curve fit of the three curves. Internal
friction angles outside the range 30° to 37° may produce
results which are significantly in error.

18, A side friction force-displacement curve for sand at a point

on the pile is developed in CAXPILE as follows:

a. The effective vertical soil pressure (p,), the internal
friction angle, pile diameter (B), and effective unit
soil weight (y or y') are determined at the point.

b. The effective depth (D) at the point is obtained from

D =p,/v
c¢. The ultimate side friction (SF) at the point is obtained
from the curves shown in Figure 5.
d. The final side friction force-displacement curve is ob-

tained by multiplying the ordinates of the load transfer
curve (Figure 4) by the force multiplier

FMUL, = 7+B-SF

Number of Side Friction Curves

19. The final force-displacement curve for either sand or clay
provides distributed side friction in force per unit length of pile as
a function of pile displacement. A number of such curves are generated
by the program as follows:

Curves are generated at the top and bottom of each layer.

a.

b. Two curves are generated at the elevation of each change
in diameter of the pile and at groundwater elevation (one
immediately above and one immediately below) if either
occurs intermediate to the layer boundaries.

¢. In a clay layer, two curves (one above; one below) are
generated at the elevation when a transition from curve A
to B or B to C occurs in the layer.

14
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: d. In a sand layer, single curves are generated at increments
? of five (5) in effective D/B from top to bottom of the
! layer.

Tip Reaction

20. CAXPILE offers three alternatives for pile tip reaction: it
may be omitted; it may be specified by a tip reaction-displacement curve;

or it may be obtained from the soil properties of the layer in which it

is embedded.

! Tip Reaction-Displacement Curve for Clay

b 21. The tip reaction-displacement curve for clay is shown in Fig-
ure 6. Ultimate tip reaction is assumed to be related to adjusted cohe-

sion (see paragraphs 15 and 16) by

— - . o 2
P, = 9-K+CrneB /4

The displacement at ultimate resistance is assumed to be

Au = 2‘550'B

where €50 is the strain at fifty percent of ultimate stress on a soil

stress-strain curve.

Tip Reaction

|

Ay

i Tip Displacement

Figure 6. Tip reaction-displacement curve for clay
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Tip Reaction-Displacement Curve for Sand

22. Reference 6 provides ultimate unit tip reaction as a function
of ratio of depth to pile diameter and internal friction angle (see
Figure 22, Reference 6). Piecewise linear approximations of the curves
from Reference 6 for unit tip reaction for various values of D/B and
¢ = 30°, 35°, and 38° are shown in Figure 7. A parabolic fit is used
for values of ¢ other than 30°, 35°, and 38°. Total ultimate tip reac-
tion is obtained by multiplying the unit tip reaction by the tip area
(nB2/4).

Ultimate Unit Tip Reaction (tsf)

0 50 100 150 200
0 LI | I | ! T

™

~
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< ;
by ;
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& 20 - ;
o4 i
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- 5
= 7 i
€ E
o i
> bho -~ I
- '
0 ;
@ ;
v ,
5 .

60

Figure 7. Unit tip reaction for relative depth
for sand (after Reference 6)

23. The proportion of ultimate tip reaction developed as a
function of tip displacement is shown in Figure 8 and is assumed to be

independent of any other system parameters.
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Figure 8, Tip reaction-displacement curve for sand




PART IV: METHOD OF SOLUTION

General

24. As stated previously, the nonlinear side friction or tip

reaction force-displacement curves, whether provided as input or gener-

ated from soil properties, and the assumed behavior of the pile result

in a system which is a special case of a general beam-column on non-

linear supports.

Input Phase

25. CAXPILE accepts input data in a form convenient to the user
for describing an axially loaded pile. These input data are converted
to a description of a beam~column supported by distributed nonlinear
springs representing the side friction force-displacement effects and
by a nonlinear concentrated spring representing the tip reaction.

26, Nodes are assigned along the pile at intervals not exceeding
1 ft. The force-displacement effect for side friction at each node is
obtained by linear interpolation between successive pairs of the force-

displacement curves described in Part III.

Iterative Solutions

27. As explained in Reference 1, a solution for a nonlinear sys-
tem is obtained from a succession of trial-correction solutions until
the results of two successive iterations agree within a prescribed toler-
ance. When a system contains elements exhibiting softening characteris-
tics (reduction in resistance for increasing deformation), the response
for a final loading (or prescribed displacement) must be obtained by
applying the loading effect in increments (i.e., the final solution is
path dependent).

28. Even though the loading effect is incremented, with iterative

solutions obtained for each increment, a unique solution may not be

18




possible. For example, when the displacement of a point on the pile is
in the immediate vicinity of the peak of curve C (Figure 2) successive
solutions during iteration may result in displacements which alternate
on either side of the peak. When this situation is encountered, the

iterative solutions oscillate, and a unique final result is not possible.

Solution Control in CAXPILE

29, The results of field tests reported in the references indi-
cate that the majority of piles, whether driven in sand or clay, reach
ultimate load capacity at pile head displacements less than 2 in. Based
on this observation, solution control in CAXPILE has been established
as follows:

a. Pile head displacement is increased in increments of
0.02 in. until the pile head force begins to decrease
or until a maximum pile head displacement of 2 in. is
reached.

b. For each increment, iterations are continued until the
difference between displacements at every point on the
pile is less than 0.001 in. on two successive iterations.

c. In systems containing monotonicallv increasing force-
displacement characteristics, convergence to a final
solution for an increment of pile head displacement is
usually obtained in three to five iterations. If con-
vergence is not achieved within ten iterations, a pertur-
bation in the displacements is introduced and an addi-
tional ten iterations are performed. At the end of
twenty iterations, the system is probably oscillating as
described in paragraph 28 above. It has been found that
the difference in loads and displacements between succes-
sive oscillating iterations is usually of practical
insignificance. When this situation is encountered, the
results for the twentieth iteration for that increment
are rveported. Even though convergence is not achieved

at any one increment, the results for convergent solu-
tions at subsequent increments are unaffected.

Output Phase

30. CAXPILE reports values of force and displacement at the pile

19
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head and tip obtained during the incremental loading described above.
The user is then offered the opportunity to output the variation of
axial force, axial displacement, and side friction at each interval

along the pile for any selected pile head displacement. Plots may also

be obtained for the above tabular values.




PART V: GUIDE FOR DATA INPUT

Source of Input

31. Input data may be supplied from a predefined data file or from
the user terminal during execution. If data are supplied from the user
terminal, prompting messages are printed to indicate the amount and

character of data to be entered.

Data Editing

32. When all data for a problem have been entered, the user is
offered the opportunity to review an echoprint of the currently avail-
able input data and to revise any or all sectioms of the input data
before execution is attempted. When editing during execution, the user

must enter each section in its entirety.

Input Data File Generation

33. After data have been entered from the terminal, either ini-
tially or after editing, the user may direct the program to write the

input data to a permanent file in input data file format.
Data Format

34. All input data (whether supplied from the user terminal or
from a file) are read in free-field format; i.e.,

a. Data items must be separated by one or more blanks (comma
separators are not permitted).

b. Integer numbers must be of the form NNNN
¢. Real numbers may be of the form
Fxxxx, +Xx.xx, or +xx.xxEtee

d. User responses to all requests for control by the program
for alphanumeric input may be abbreviated by the first
letter of the indicated word response; e.g.,

21




ENTER 'YES' OR 'NO'--respond Y or N
ENTER 'CONTINUE' OR 'END'--respond C or E

Carriage return responses alone will cause abnormal term-
ination of the program.

Sections of Input

35. Input data are divided into the following sections:

a. Heading.

b. Pile Cross-Section Properties.
¢. Side Friction Data.

d. Pile Tip Data.

e. Termination.

36. Data sections must be supplied in the order indicated above.

Predefined Data File

37. 1In addition to the general format requirements given in para-
graph 4 above, the following pertain to a predefined data file and to
the input data description which follows:

a. Each line must commence with a nonzero, positive line
number, denoted LN below.

b. A line of input may require both alphanumeric and numeric
data items. Alphanumeric data items are enclosed in single
quotes in the following paragraphs.

A line of input may require a keyword. The acceptable
abbreviation for the keyword is indicated by an underlined
capital letter; e.g., the acceptable abbreviation for the
keyword 'Curves' is 'C'.

Ke)

d. Lowercase words in single quotes indicate a choice defined
following.

e, Items designated by uppercase letters and numbers without
quotes indicate numeric data values. Numeric data values
are either real or integer according to standard FORTRAN
variable naming conventions.

jrn

Data items enclosed in brackets [ ] may not be required.
Data items enclosed in braces { } indicate a special note
follows.
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g+ Input data are divided into the sections discussed in para-
] graph 5 above. Except for the heading, each section con-
sists of a header line and one or more data lines. The
header line serves the dual purposes of: indicating the
end of the preceding section; identifying the data section
to follow.

h. Comment lines may be inserted in the input file by enclos-
ing the line, following the line number, in parentheses.
Comment lines are ignored; e.g.,

1234¥ (THIS LINE IS IGNORED)

Input Description

38. Heading-—One (1) to four (4) lines for identifying the problem:
a. Line contents
LN {'heading'}
b. Definition

'heading' = Any alphanumeric information up to 70 charac-
ters including LN and any embedded blanks

c. Restriction: If a 'heading' line following LN begins with
the first letter of any of the section titles or keywords
described below, the 'heading' must begin with a single
quote.

39, Pile Cross-Section Properties--One (1) to twenty-one (21)

lines:
a. Line 1 contents
: LN 'Pile' EL1 EL2 E OD A .
b. Lines 2 and following contents
[LN EL1 EL2 E OD A] -
} ¢. Definitions
| 'Pile' = Data section title
EL1 = Elevation (ft) at top of segment
EL2 = Elevation (ft) at bottom of segment
E = Modulus of elasticity (psi) of segment
“% OD = Outside diameter (in.) of segment
j A = Cross-section area (sq in.) of segment
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Discussion and restrictions

d(1) The pile is assumed to be composed of a sequence of
prismatic segments.

d(2) Segments must be defined in succession from pile
head to pile tip.

d(3) Elevations decrease toward the tip (bottom) of the
pile. On any one line EL2 must be less than ELI.
On a succession of lines EL]l must be equal to EL2 on
the preceding line.

d(4) The pile head is at ELl on the first line. The pile
tip is at EL2 on the last line.

d(5) The outside diameter (OD) is used to calculate the
surface area at a point subjected to side friction
or for tip reaction area. For noncircular piles,
OD must be the diameter of the equivalent circular
pile.

d(6) The cross-section area A is used to determine the
axial stiffness of the pile.

40. Side Friction Data--Minimum of two (2) lines:

a.

o

Header--One (1) line
a(l) Contents
LN 'Side' 'keyword' [GAMWAT ELWAT]
a(2) Definitions
'Side' = Data section title

'keyword' = 'Soil' if side friction data are to be
obtained from soil layer data

'keyword' = 'Curves' if side friction force-
displacement curves are provided

[GAMWAT| = Groundwater unit weight (pcf); omit if -
'keyword' = 'Curves'; assumed equal to
zero if omitted .
[ELWAT] = Groundwater elevation (ft); omit if
'keyword' = 'Curves' or if GAMWAT equals
zero
Data Lines if 'keyword' = 'Soil’--One (1) to fifteen (15)

lines
b(1) Contents for sand layer
LN ELLAY GAM 'Sand' PHITOP [PHIBOT]
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b(2) Contents for clay layer

LN

ELLAY GAM 'Clay' CTOP ES5S0TOP [CBOT ES50BOT]

b(3) Definitions

ELLAY = Elevation (ft) at top of layer
GAM = Saturated unit weight (pcf) of layer

Sand' = Keyword
Clay' = Keyword

PHITOP = Angle of internal friction (deg) at top

of layer

[PHIBOT] = Angle of internal friction (deg) at bottom

of layer; set equal to PHITOP if omitted
CTOP = Cohesion (psf) at top of layer

E50TOP = Strain at 50 percent of ultimate strength

for clay at top of layer

CBOT = Cohesion (psf) at bottom of layer; set
equal to CTOP if omitted

E50BOT = Strain at 50 percent of ultimate strength

for clay at bottom of layer; set equal to
E50TOP if omitted

b(4) Discussion and restrictions

(a)

(b)

(c)

The soil profile is assumed to be composed of
one (1) to fifteen (15) horizontal layers.

Layers must be described in succession downward
starting with the topmost layer. The last layer
input is assumed to extend ad infinitum downward.
The elevation of the top layer must be at or
below the elevation at the pile head.

Layers are assumed to be either sand (cohesion-
less) or clay (cohesive). Side friction force-
displacement characteristics are assumed to vary
linearly within each layer according to the soil
properties provided at the top and bottom of
each layer.

Data Lines if 'keyword' = 'Curve'--Minimum of three (3)
lines
c(1l) Line 1

(a) Contents

LN ELCURV NPTS [FMUL]
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(b) Definitions

ELCURV = Elevation (ft) at side friction force-
displacement curve

NPTS = Number of side friction force- '
displacement coordinates provided for
this curve

{FMUL] = Multiplier for curve friction coordinate
values; set equal to 1.0 if omitted

i

c(2) Line 2
(a) Contents
LN DISP(1) DISP(2) . . . DISP(NPTS)

(b) Definition

DISP(I) = Displacement coordinate (in.) of Ith
point on side friction force-
displacement curve

c(3) Line 3
(a) Contents
LN FRICT(1) FRICT(2) . . . FRICT(NPTS)
(b) Definition

FRICT(I) = Unit side friction coordinate (psf)
of Ith point on side friction force~
displacement curve

9(4) Discussion and restrictions

(a) A minimum of three data lines are required to
describe a side friction force-displacement
curve.

o e e e S P [ ghmarn B e e

(b) Up to twenty-one (21) curves may be provided.

(¢) The elevation of the first curve must be at or .
below the elevation at the pile head.

(d) 1If only one curve is provided, that curve is
applied to all points on the pile at or below
ELCURV,

(e) Curve elevations must proceed sequentially
downward.

(f) Side friction force-displacement effects at
intermediate points are obtained by linear inter-
polation between successive curves. [

(g) Curve data described at elevations below the
elevation at the pile tip are ignored.
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(h) A minimum of two (2) displacement (DISP) and
two (2) friction (FRICT) coordinates are re-
quired for each curve. A maximum of eight (8)
coordinates are permitted for each curve.

(i) Displacement and friction coordinates must all
be positive.

(j) Displacement coordinates must proceed from
smallest to largest. Dual displacement values
are not permitted.

(k) All side friction coordinate values for each
curve are multiplied by FMUL.
41. Pile Tip Data--Zero (0), one (1), or three (3) lines. Entire
section may be omitted:
a. Header--One (1) line

a(l) Contents
[LN 'Iip' 'keyword' [TIPA] [NPTS FMUL}]

a(2) Definitions

'Tip' = Data section title

1]

'keyword' 'Soil' if pile tip force-displacement
behavior to be obtained from previously

provided soil layer data

= 'Curve' if pile tip force-displacement
curve follows

[TIPA] Effective pile tip reaction area if
'keyword' = "Soil'; omit if 'keyword’

= 'Curve’

(NPTS] Number of tip force-displacement coordi-
nates provided; omit if 'keyword'

= 'Soil'

[FMUL] Multiplier for tip force coordinate
values; omit if 'keyword' = 'Soil'; set
equal to 1.0 if omitted for 'keyword'

= 'Curve’

o

Line 2--One (1) line if 'keyword' = 'Curve'; omit if
'keyword' = 'Soil'

b(1l) Contents
LN DISP(1) DISP(Z) . . . DISP(NPTS)
b(2) Definition

DISP(I) = Displacement coordinate (in.,) of Ith point
on tip force-displacement curve
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c. Line 3~-One (1) line if 'keyword' = 'Curves'; omit if
'keyword' = 'Soil'

c(1) Contents
LN FORCE(1) FORCE(2) . . . FORCE(NPTS)
c(2) Definition

FORCE(I) = Tip force coordinate (1b) of Ith point
on tip force-displacement curve

d. Discussion and restrictions

gﬁl) Effective tip reaction area must be greater than
zero for 'keyword' = 'Soil'’

d(2) A tip force-displacement curve is required if side
friction curves are used.

d(3) A minimum of two (2) tip displacement (DISP) and
two (2) tip force (FORCE) coordinates are required.
A maximum of eight (8) coordinates are permitted.

d(4) Displacement and force coordinates must all be
positive.

d(5) Displacement coordinates must proceed from smallest
to largest. Dual displacement values are not
permitted.

d(6) All tip force coordinate values are multiplied by
FMUL.

42, Termination--One (1) line:
LN 'Finish'

Abbreviated Input Guide

43, Data items enclosed in brackets [ ] may be omitted. Braces
{ } indicate choose one.
44, Heading--One (1) to four (4) lines:
LN 'heading'
(LN 'heading']
[LN 'heading']
[LN 'heading']
45. Pile Cross-Section Properties--One (1) to twenty-one (21)
lines:
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46.

48.

Side Friction Data-~Minimum of two (2) lines:

a.

el

Line 1

LN 'Pile' EL1 EL2 E OD A
Lines 2 to 21

(LN EL1 ELZ E OD Al

Header--One (1) line
'§pil' [GAMWAT ELWAT]

LN 'Side'
'Curves'

Data lines for 'Soil'--One (1) to fifteen (15) lines

'Sand' PHITOP [PHIBOT) |
LN ELLAY GAM :
'Clay’ CTOP ESOTOP [CBOT £5080T] §

Data lines for 'Curves'--Minimum of three (3) lines, max-
imum of sixty-three (63) lines

c(1l) Line 1

LN ELCURV NPTS ([FMUL]
c(2) Line 2

LN DISP(1) DISP(2) . . . DISP(NPTS)
¢(3) Line 3

LN FRICT(1) FRICT(2) . . . FRICT(NPTS)

Pile Tip Data~-Zero (0), one (1) or three (3) lines:

a.

17

Header-—One (1) line
'Soil'  TIPA

[LN 'Tip"
'Curve' NPTS [FMUL]

Line 2--Omit if 'Soil’

LN DISP(1) DISP(2) . . . DISP(NPTS)
Line 3--Omit if 'Soil’

LN FORCE(1) FORCE(2) . . . FORCE(NPTS)

Termination--One (1) line:
LN 'Finish'




for a pile driven in clay ("Australia Test,'

PART VI:

EXAMPLE SOLUTIONS

Example 1--Pile in Clay, Side Friction Curves Input

49.

system characteristics are as follows:

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
11490
1156
1140
1170
1180
1190
1200
12310
1220
1230
1240
1250
1260

in Reference 4.

References 3 and 4).

Reference 4 reports field test results and analytical results

The

a. Pile: Steel, rectangular (4 by 6 in.)
equivalent diameter = 6,366 in.,
area of steel = 2.49 sq in.
E = 30 x lO6 psi
embedded length = 80 ft

b. Soil: Clay, adjusted cohesion
at surface 300 psf
at 80 ft = 612 psf

50. Numerical approximations of curves A, B, and C given in Ref-

erence 4 (see Figure

characteristics.

"FILE IN Cray,

"AUSTRALIA TEST
'SIDE FRICTION
FILE O -80 30.E
SIDE CURVE®
(CURVE Q"

0 & 300

0 0.05 0.1

O 5,24 0.4

-10 6 339

0 0,05 0.1

0 0,74 0.4

(CURVE °*E*

~-10 4 339

D 0.0 ¢.1 0.1
0 0.38 0,64 0.8
-20 & 378

6 06.05 0.1 0.1
G 6.38 0.64 0.3

FROM
0.19
0.5

0.15

[X%]

FROM

(CURVE °*C* FROM
~20 6 378

0 0.05 0.07 0.1
0 0.9 1.0 0.9
-80 & 612

0 0.05 0,07 0.1
0 0.9 1.0 0.9
FINISH

The

No

SIDE FRICTION CURVES INFUT:»
* FILE FROM REESE AND COYLE
CURVE DATA FROM COYLE

b 6366 2,49

EL 0 TO EL ~10)

-20)

S 0.175
0.85

S 0,175 0.2
G.8S

EL -20 -80)

30

NO TIF REACTION

2) were used for side friction force-displacement
tip reaction was present in the analysis reported

input data file for example 1 appears as follows:




The interactive execution sequence for example 1 appears as follows:

PROGRAM AXPILE -~ SOIL-STRUCTURE INTERACTION ANALYSIS
OF axlAlLY LOADED PILES
DATE: 06-16-83 TIME: 11:20:50

BRE INPUT DATA TO BE READ FROH TERMINAL OR FILE?
ENTER 'TERMINAL’ OR ‘FILE’

Ll TER INPUT FILE NANE (6 CHARACTERS MAXIMUM).
" INPUT COMPLETE.
DO YOU WANT INPUT DATA ECHOPRINTED TO YOUR
TERMINAL, TO A FILE, TO BOTH OR NEITHER?
ENTER 'TERMINAL’, ‘FILE’, ‘BOTH’, OR 'NEITHER’.

IXF

DISPLACEMENT (FT)

£
I>F ’
I)AYP%STER OUTPUT FILE NARME (6 CHARARCTER MAXIMUN). {
t>n‘ DO YOU UANT TO EDIT INPUT DATA? ENTER ‘YES’ OR *NO‘. ;
: INPUT COMPLETE. i
i Iy DO YOU WANT TO CONTINUE? ENTER ‘YES’ OR ‘NO‘. '
[ DO YOU UANT RESULTS YRITTEN TO YOUR TERHIN&L, TO FILE "AXP10 ‘, OR BOTH®? H
¢ I5F ENTER 'TERMINAL’, °‘FILE’, OR 'BOTH’ :
DO YOU WANT A LISTING OF MONLINEAR CURVES USED 3
>y FOR SIDE FRICTION AND TIP RESISTANCE? ENTER ’'YES’ OR ‘NO’.
5
DO YOU WANT TO PLOT SIDE FRICTION CURUES?
1, ENTER ‘VES‘ OR "'NO’.
/7
ENTER ‘SINGLE’ TO PLOT SIDE FRICTION CURVES ONE AT A TIME,
ENTER ‘ALL’ TG PLOT ALL SIDE FRICTION CURVES OM ONE PACGE,
OR ‘FINISH’.
I>SINGLE
ENTER ELEVATION BETWEEN 9.00 (FT) AND ~80.00 (FT)
FOR CURVE TO BE PLOTTED.
1>-10.00
‘PILE IN CLAV, SIDE FRICTION CURVES INPUT, NO TIP REACTION !
*AUSTRAILIR TEST+ PILE FROM REESE AND COVLE :
, “SIDE FRICTION CURVE DATA FRON COVLE i
| DATE 06/16/83 TINE: e@1eg10t :
: SIDE FRICTION CURUES FOR EL = -19. (FT) t
l §
t - %
Louen |
§
450. N
| e
400, ¢
350,
3ee. UPPER = ] 7
25e.
= 2e0.
[
N
°
J1se,
u :
Y]
gln. i
. :
se.
. i
°. 002 004 .00 .e08 . 012 .ete 016  .018 ]
i
3

Figure 9. Plots of side friction curves, example 1
(Sheet 1 of 3)
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ENTER "SINGLE’ TO PLOT SIDE FRICTION CURVES ONE AT & TINE,
g:‘l’t’:l”';l:h' YO PLOT ALL SIDE FRICTION CURVES ON ONE PNIZEa
, "
. I}SIN‘E;k'lE‘ER ELEVATION BETUEE (]
U N 9.00 (FT) AND -BO.€Q (FT)
n lng: CURVE TO BE PLOTTED.

"PILE IN CLAY, SIDE FRICTION CURVES INPUT, NO TIP REACTION
*AUSTRAILTIA TEST® PILE FROM REESE AND COYLE

*SIDE FRICTION CURVE DATA FROM COVLE

DATE! 86/16/83 TIRE: 08149113

SIDE FRICYION CURVE FOR EL = -15. (FT)
INTERPOLATED FROM CURVES AT EL » -18. (FT) AND EL ¢ -20. (FT)

0.7

&L » -18. (FT)

§

FORCE (LB/F T

e, 082 - 004 006 .88 .01 012 04 -816 .08
DISPLACEMENT (FT)

Figure 9. (Sheet 2 of 3)
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OR ‘FINISH-.
ALt

‘PILE IM CLAY, SIDE FRICTION CURVES INPUT, MO TIP REACTION
CAUSTRAILIA TEST® PILE FROM REESE AND CCYLE

SIDE FRICTION CURVE DATR FROM COYLE

DRTE: 06-16/83 TIME: 08:49:55

ALL SIDE FRICTION CURVES

ENTER °SINGLE’ TO PLOT SIDE FRICTION CURVES ONE AT A YIME,
ENTER ‘ALL’ TO PLOT ALL SIDE FRICTION CURUES ON ONE PAGE,

1200.
1000
EL - -88. (FT)

809.

609.

L. 20, FT)

- EL = -10. (FD)
[N

N\
B 400,
(" EL = -18. (FT)
(¥ EL 0. (FT)
H
u 200,

°. —

°. .92 .994 006  .008 0 012 .e1a 016 .e18
DISPLACENENT (FT)
Figure 9. (Sheet 3 of 3)
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DO YOU UANT TO CONTINUE SOLUTION? ENTER ‘YES’ OR ‘NO’.

DO YOU WANT TO PLOT HERD AND TIP RESULTS
Y ENTER 'YES’ OR ‘NO’

LoRD, LD
[} 10590 21180 nrre 42360
0. 5295 15885 26475 37065 47655
T T 1 T T 1 1
\
.0089 Fy
\
0L
\
0267 [_ \
s \
€ N
{ \
£ .0es6 | !
E \
b \
. <9535 | \
1
& \
0624 | \
\
o4 | \
\
L0803 | \
\
\
LEGEND
TIP SETTLEMENT
— — — HEAD SETTLEMENT ENTER ‘R’ 10 REPLOT

Figure 10. Plots of head and tip settlement, example 1
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DO YOU WANT COMPLETE RESULTS OUTPUT? ENTER ‘YES’ OR “NO‘.

ENTER PILE HEAD DISPLACEMENT (INCHES): 9.0 .LE. DISP .LE. .480
n 4FO‘? UHICH COMPLETE RESULTS ARE DESIRED.
.4

DO _YOU UANT TO PLOT COMPLETE RESULTS
Dy ENTER °YES’ OR ’'NO‘

‘PILE IN CLAY, SIDE FRICTION CURVES INPUT, MO TIP REACTION

SIDE FRICTION (PSF)

5
-$2400 -26200 ¥ 26200 52400 “E5d ase .44 [ ]

axIAL FORCE (LB) -5e0 ° see AxlalL DISP.

[ L}

44

. —

10 4

Fr

49

FROM TOP OF PILE,

“1

DIsY.

ae

Figure 1l. Plots of axial force, side friction, and axial

displacement, example 1 (Sheet 1 of 2)
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DO VOU UANT CWLETE RESULTS FOR ANOTHER DISPLACEMENT?
ENTER 'VES’ OR ‘MO

Iy
ENTER PILE WEAD DISPLACEMENT (XNCI'ES)! ... .LE. DISP .LE. .4890
n 2270'! UHICH COMPLETE RESULTS ARE DESIRED
DO YOU UANT TO PLOT COMPLETE RESULTS
ENTER ‘VES’ OR °NO’
Dy
‘PILE IN CLAY, SIDE FRICTION CURVES INPUT, NO TIP REACTION
SIDE FRICTION (PSF)
AXIAL FORCE (LB) -e08 . e axiaL DISP. ¢IN)
.- ~35000-17500 O 17500 35008 — -200 200 -.22 [ ] 22
19 4
v
. 204
o
J
T
b
[ 3
2
5t 40
0
o
-
-
e
s
,.-
“-
Figure 11. (Sheet 2 of 2)
DO YOU UANT CWLETE RESULTS FOR ANOTHER DISPLACEMENT?
- ENTER 'YES' OR
"7 OUTPUT COPPLETE.
DO YOU UANT TO EDIT INPUT DATA FOR THE PROBLEM JUST COMPLETED?
DN ENTER ‘YES’ OR 'NO’.
N DO YOU UANT TO RAKE ANOTHER ‘AXPILE’ RUN? ENTER ‘YES’ OR ‘NO’.

SESRRESREE NORMAL TERNINATION 33333%3383
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Figure 9 shows plots of the side friction curves; Figure 10 is a plot of
head and tip settlement; and Figure 11 shows plots of axial force, side
friction, and axial displacement.

39. Program output for example 1 is shown in the printouts on
pages 38-41 and consists of the following:

a. PART I: An echoprint (optional) of the input data
(page 38).

b. PART 11: A ltistiog (optional) of the nonlinear force-
displacement curves generated by CAXPILE (page 39).

. PARTS LI1.A andlli.B: A summary of results (page 40).

c
d. PART 1]1.C: Complete results (optional) for the user-

specified pile head displacements (pages 40 and 41).

40. The following should be noted:

When side friction or tip reaction curves are provided,
all values are positive. The product of the force
multiplier and curve force coordinates must produce unit
side friction or unit tip reaction in pounds per square
foot.

[kl

e

When the program converts CAXPILE input data to nonlin-
ear force-displacement curves, the unit friction or tip
reaction multipliers are multiplied by the circumference
of the pile and effective tip area to produce force per
unit length (plf) or force (1b), respectively (see

PART TT.B, page 39). The signs of the curve force coor-
dinates are changed to reflect that {riction and tip
reaction act to oppose pile displacements (positive
downward).

e

For this system, the number of curves generated by
CAXPILE is the same as the number of input curves
because the pile has constant effective outside diam-
eter throughout its length. When a change in diam-
vcter occurs at a location where an input curve is not
provided, CAXPILI penerates two additional curves: one
immediatelv above and one below the diameter change.
The force-displacement coordinates for these additional
curves are obtained from linear interpolation between
the input curves bounding the poeint of diameter change.

d. Although pile response is computed for pile head displace-
ments at increments of 0,02 in., the summary lists values
at increments of one-tenth of the displacement at which
pile head toree bhegins to decrease (PART 111.B, page 40).
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PROGRAM CAXFILE - SOIL-STRUCTURE INTERACTION ANALYSIS
OF AXIALLY LOADED FILES
DATE: 02/08/83 TIME: 08:43:00

I.--INFUT DATA

1.--HEADING

PILE IN CLAY, SIDE FRICTION CURVES INFUT, NO TIF REACTION

*AUSTRALIA TEST® FPILE FROM REESE AND COYLE
‘SIDE FRICTION CURVE DATA FROM COYLE

2.--FILE DATA

<=~ELEVATION--: MODULUS OF OUTSIDE

START STOF ELASTICITY UIAMETER
(FT) (FT) (FSI) C(IN)
0.00 ~80.,00 3,00E4+07 6.37

3.--SIDE FRICTION FORCE-DISFLACEMENT CURVE DATA

CURVE ELEVATION = 0,00 (FT) FRICTION MULTIFLIER
DISFL. COORD. (IN)? 0.0000 0500 1000
22000
FORCE COORD. (FSF)! 0.00 + 24 +40
+52
CURVE ELEVATION = -10.,00 (FT) FRICTION MULTIFLIER
RISFL. COORD. C(IN): 0.0000 0300 +1000
+ 2000
FORCE COORD. (FSF)? 0.00 + 2% +40
£ 52
CURVE ELEVATION = -10.,00 (FT) FRICTION MULTIFLIER
DISFL. COORD. (IN)? 0.0000 + 0500 +1000
22000
FORCE COORD, (FSF)? 0.00 +38 64
.85
CURVE ELEVATION = -20.00 (FT) FRICTION MULTIFLIER
ODISFL, COORD., (INDS 0.0000 0500 +1000
« 2000
FORCE COORD. (FSF): 0,00 +38 64
+ 85
CURVE ELEVATION = -20.00 (FT) FRICTION MULTIFLIER
DISFL. COBRD. (IN): 0.0000 0500 +0700
+ 2000
FORCE COORD. (FSF): 0,00 4 1.00
835
CURVE ELEVATION = -80.,00 (FT) FRICTION MULTIFLIER
DISFL., COORD. (IN)? 0.0000 0500 «0700
+ 2000
FORCE COORD. (FSF)! 0.00 90 1.00
+ 85

4,-~TIF FORCE-DISFLACEMENT DATA
NONE

38

SECTION
AREA
(IN)
2,49
300.00
+1500 1750
« %0 £ 52
= 339.00
1500 1750
50 » 52
= 339.00
+1500 1750
+80 + 85
= 378,00
+«1500 1750
+80 .85
= 378.00
+1000 1350
93 +85
= 612,00
1000 « 1350
+ 9% +85




FPROGRAM CAXPILE - SOIL-STRUCTURE INTERACTION ANALYSIS
OF AXIALLY LOADED PILES
DATE: 02/08/83 TIME: 08:43:25

I131.--NONLINEAR CURVE DATR GENERATED BY CAXPILE

I1.A.~-HEADING
‘PILE IN CLAY, SIDE FRICTION CURVEE INPUT, NO TIP REACTION
*AUSTRALIA TEST* PILE FROM REESE AND COYLE
‘SIDE FRICTION CURVE DATA FROM COYLE

IT.8 -~-HONLINEAR CURVES FOR SIGE FRICTION
ORTAINED FROM INFUT CURVE DATA.

DISTRIBUTION STARTS AT ELEVATION 0.00 (FT)
CURVE CNORI'INATES
DISFL (FT) FORCE (LBS/FT)
. 0.
A,1567E-03 -1.2000€+02
8,1333E-03 ~1.9999E+02
1.23060E-D2 -2,4979E+02
1.4587E-02 ~2.5999E+42
1.6667E-02 -2,5999€E+02
LISTRIEKUTION ENDS AT ELEVATION -10.00 (FT?
CURVE COORDINATES
DISFL (FT3 FORCE (LRBRS/FT)
T 0.
A.1647E-03 ~1.3560E+02
3,3333E-03 ~2.2599E+02
1.,2300E-C2 ~2,8249E+02
1.,4583E-02 ~2.9379E+02
1.6667E-02 ~2.9379E162
NIZIRIBUTION STARTS AT ELEVATION -10.00 (FT)
CURVE COORUINATES
BISFL (FT) FORCE (LES/FT)
0.
“2.1469F 402
-3.6159E+02
~-4,5199E402
-4.80C4E462
1.686847E-22 -4.BOZIEHD?

NIZTRIBUTION ENDS AT ELEVATION -20.00 (FT?

CURVE COORDINATES

OISFL ‘FT) FORCE ‘LBS/FT)
0, 0.

4,1647E-063 -2,3737E+02
8.3333E-03 -4,0319E+02
1.7500€-02 ~5.0398E+02
1.4583E-07 ~5.3548E 407
1.44667€-07 -5.3543E+07

DIZTRTEUTION STAHRTS AT ELEVATION -20.00 (FT*

CURVE COORIINATES

DISFL (FT) FORCE :(LES/FT)
0. Q.

4.1547E-03 -5.46498E402
5.8333E-03 -6.2998E+02
8,3333€-63 -5,7848E+00
1.12350€-62 ~5.3548E497
1.64667E-02 -5.3048E+402

DISTRIEUTION ENDS AT ELEVATION -80.00 (FT)

FURVE COORDINATES

DI3ZFL (FT) FORCE (LES/FT)
. 0.

4.1667F 43 -?,1797E400
%.8333E 02 -1.,0200E403
8.3333€-03 -9.6897E402
1.1256E-52 -8.,6497E402
1.6867E-02 -8.64697€E402
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PROGRAM CAXFILE - SOIL-STRUCTURE INTERACTION ANALYSIS
OF AXIALLY LOADED FILES
DATE: 02/08/83 TIME: 0B:143:3¢6

I11.--SUMMARY OF RESULTS
ITI.A.-~-HEADING
‘FPILE IN CLAY, SIDE FRICTION CURVES INFUT, NO TIF REACTION

"AUSTRALIA TEST® FILE FROM REESE AND COYLE
‘SIDE FRICTION CURVE DATA FROM COYLE

I1I1.BR.--DISFLACEMENTS AND FORCES

“=~PILE HEAD--" S--FILE TIF~—-> :
BISFL FOKCE DISFL FORCE ;
C(IN) (LE) (S 47D (LK)
0.000 0. 0,600 0.
.046 8459, .002 0.
+092 16665, .004 0. :
0138 24748, .007 0. ‘
.184 10732, 010 0. :
+230 36151, «013 0. ,
276 40596, (018 0. ;
.322 44434, .023 0. N
368 47893, « 030 0.
414 50961, +040 0.
+460 52957, .05¢9 0.
+480 51879, .089 0.
MAXIMUM FILE HEAD FORCE = 52957, (LK) ;
AT DISFLACEMENT = ,440 (IN) :
I1I1.C.~~CONFLETE RESULTS FOR FILE HEAD DISFLACEMENT = .460 (IN)
ELEVATION DISFLACEMENT  AXIAL FORCE SINE FRICTION :
(FT) (IR (LE) (PSF) H
0.00 +460 52957, -156,00 ;
~1.00 L452 52695, -158.03 i
~2,00 1443 52430, -160.04 :
~3.,00 L 435 52162, -162.08 E
~4.00 VA4 51890, ~164,11 !
~5.00 .418 51615, ~164.14 i
6,00 +410 S1336., -148,17 :
~7.00 . 402 51054, -170.,20
-8.,00 ,393 50769, -172,22 .
-9.,00 .385 50480, -174,25% ]
-10,00 377 50188. -176.2 .
10,00 377 50128, -288.1%5 !
11,690 369 49705, -291.,47
~12,00 «361 49217, -294,78
-13,00 .353 48723, -298.10
-14.,00 +345 48223, -301.41
~15,00 , 338 47718, -304,73
~16,00 +330 47207, -308.04
17,00 \323 46691, -311.36
~-18.00 $ 315 46169, ~314.67
-19,00 +308 45642, -317.99
-20.00 +300 45110, ~-321,30
-21.00 .293 44571, -324.,62 :
-22,00 .286 44028, ~327.93
~23,060 279 43478, ~331,25 !
-24,00 V272 42923, ~334.56 :
~25,00 . 265 42343, -337.88 i
(Continued)
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-26.00
-27.00
-28.00
-29.,00
'30 .00
-31.00
-32.00
-33,00
-34.00
-35.00
-36.00
~-37.00
-38.00
-39.00
-40,00
-41.00
-42,00
-43,00
-44.00
-4%5.00
~46.00
~47.00
-48.00
-49.00
-50.,00
-51.00
-52.00
-53.00
-54.00
~35.00
-56.00
-37.00
-58.00
-5%.00
-60.00
-41.00
-62.00
-43.00
~-64.,00
-65.00
-66,00
~67.00
-68.00
-69.00
-76.00
-71.00
~72.00
-73.,00
-74.900
~7%.00
-76.00
-77.09
-78.00
~7%.00
-86G.00

«259
£ 252
v 245
239
232
+226
$220
+214
+208
+202
« 196
+190
+185
« 179
174
1169
163
+158
+ 153
+149
144
139
+ 139
+130
126
122
+118
114
«110
»106
+ 102
1099
096
1092
. 089
» 086
084
.08}
079
1076
074
072
+070
1048
067
2065
1064
+ 063
1062
061
L0060
Q60
+05¢%
059
QTY

41797,
41226,
40649,
40066.
39478,
38885,
382864,
37681,
37071,
36456,
35835.
35208,
34576,
33938,
33295,
32646,
31992,
31332,
306467,
29996,
29320,
28638,
27952,
27252,
26537,
25807.
25060,
24298.
23321,
22729,
21921,
21099,
20265,
19420,
18564,
17698,
16821,
15933.
15035.
14128,
13210.
12282,
11345,
10402,
9462,
8523,
7384,
6645,
5704,
4762,
3817,
28469 .
1918,
962,
0.

41

-341,19
-344.,%1
-347.82
-351.14
-354.45
=357.77
-361.08
-364,40
=-367.71
-371.02
-374.34
-377.66
-380.97
-384,29
-387.60
~390.92
-3%4.23
-397.55
-400.86
-404.,17
-407.49
-410.80
-414.74
-424.28
-433.76
-443.,17
-452.51
~461.76
-470.92
-479.97
-488.92
-497.10
-503.73
~510.28
-516.75
-523.13
-52%9.43
~535.63
~541.74
~547.7%
~593.65
~559.42
~565.11
~5464.40
~563.70
~0963.37
~063.42
~363.86
~564.70
-565.%6
-547.63
-36%.73
-072.27
-575.26

-578.71
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e. Complete output (PART III.C, pages 40 and 41 may be ob-
tained for as many pile head displacements as desired.
Any displacement may be specified for complete output up
to the maximum displacement reported in the summary.

f. Two lines are printed for any elevation where an abrupt
change in side friction occurs (see at elevation -10,
page 40). Abrupt changes in side friction usually occur
at soil layer boundaries, at the water elevation if it
lies within a soil layer, at changes in effective outside
diameter, or when two curves are input for the same ele-
vation. Note that at elevation -20 (page 40) only a
single line is printed, even though two curves were input
for that elevation; both curves produce identical values
of side friction for this case.

53. Results obtained by CAXPILE are compared with analytical re-
sults and field test results (References 3 and 4) in Figure 12. The

Pile Head Force (Kips)

0 20 40 60
ol @ 7 T I T T 1
A
- A
£ B 2,
~ A
g 0.2 @
g &
Q @
g T R
a @
E 0.4 A
T A
e | A .
=
0.6 .

® field Test (Refs. 3 and 4)
@ Analytical (Refs. 3 and 4)

A  CAXPILE

Figure 12. Comparison of results for example 1
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differences between CAXPILE results and the analytical results from
Reference 4 are probably attributable to treatment of side frictiom by
a linear variation rather than as an average as used in Reference 4 and

to a smaller increment in pile head displacement used in CAIPILE.

43




Example 2-~Pile in Clay; Soil Data Input

54. The "Australia Test" pile-soil system described above was
analyzed with side friction effects determined from soil properties.
Nominal cohesions of 200 psf at the ground surface and 408 psf at eleva-
tion -80 were used in order to duplicate the adjusted cohesions of the
preceding example. A value of €59 = 0.01 was assumed for the clay,

This property does not affect the solution since no tip reaction is

present. The input data file for example 2 appears as follows:

1000 'FILE IN CLAY, SOIL DATA INFUT, ND TIF REACTIDN
1010 °"AUSTRALIA TEST® PILE FROM REC4I. AND COYLE

1020 FILE 0 -80 30.E6 6.366 2.4%

1030 SIUE SOIL

1040 0 112 CLAY 200 0.01 408 0,01

10350 FINISH

B N L L —

The echoprint from CAXPILE is shown on page 46.

TV O T, e - I

55. Nonlinear side friction curves generated by CAXPILE are
shown on page 46. The force multiplier for each curve is the product

of adjusted cohesion and circumferential area per foot of pile. Dis-

ey

placement and force coordinates for each curve are those incorporated
in CAXPILE for curves A, B, and C, respectively, in Figure 2.

56. The summary of results providing forces and displacements at
the pile head and tip is given on page 48. The predicted response of

the system is essentially identical with that of example 1 (Figure 13). t

Small differences are due to the slightly different shape of the load

transfer curves used in the two examples.
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FROGRAM CAXFILE ~ SOIL-STRUCTURE INTERACTION AMNALYSIC

OF AXTALLY LOADEL FILES

DaTE: 02,0E/83 TIME: G7:24:

I, ~~INFUT DATA

Le-—~HEATTHG
PILE IN CLAY, SOTL DATA INFUTs NO TIF REACTION
"AUSTRALIA TEST® P ILE FROM REESE AND COYLE

2.,~-FILE DATH

49

C-—ELEVATION--- MODULUS OF OUTSIDE SCECTION
START STOF ELASTICITY DIANMETEF HREA
(FT) (FT) (FSTH (IND C(IN)
0,00 -80.00 3,00E+07 6.37 2.4%
3,~-SIDE FRICTION SOIL AND WATER DATA
GROUNDI WATER UNIT WEIGHT = ¢.0 (FCF)
SDIL LAYER DATA
T TOF OF LAYER-~--- K T =---EQTTOM OF LAYER---T
TOF *  UNIT FRICT STRAIN FRICY STRAIN
EL. WEIGHT ANGLE COH., S07%Z ULT. ANGLE CGH. 50% ULT.
(FT (FCF) (DEG) (P31 (TEG) (FSF7
0,00 112,00 200, .0100 408, + 0100

4,~--TIF FORCE-DISFLACEMENT DATA
NONE

FROGRAM CAXFILE - SOIL-STREUCTURE INTERACTION ANALYSIS

OF AXIALLY LOALEDL FILET

DATED 02/08/E3 TIMES 07322012

I1.,~-=-NONLINEAFR CURVE Tinié GENERATED EY CAXFILE

I1.h-~HEADING
PILE IN CLAV, SODIL DATA THFUT. NO TJF REACTION
*HUSTRALTA TEST® FILE FROE RECESE alD COYLE

. . TRLES MR TTLE FRICTION
ot 5 COTEL DATAL

S TRATE Y
a0 1IT3E A)
LLuA1TE-02
H-A I
L L1 S

GSAF "

1 £647F T -':',Lu'w(w.:‘
U B7naE A2 TLEERAr D
TWOBIIE 6T SLTASQEHST

46
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DISTRIKUTION ENLS
CURVE
BISFL FT)

a.

2.0833£-03
3.12%90E-23
2.14687E 03
3 3.5833F 93
) 2eS167E- 23
5.33I33E-03
1.%317E-02
1.2300E-07
1,4583E-42
1.6667E-07
1. B750E-72
2.0833E-07

BISTRTIENTION 3TART
CuRyy
DISFL IFT

9.

2.0833E-403
3.1250E-03
A,1467E-03
5.5833E-03
5,9i67E~03
3.3333E-03
1.0417€-22
1,2500€E-02
1,4983E~02
1. 668TE-OT
1.8750E~

2.9833E~42

2,608330 07

AT ELEVSATION ~10.90

COORDINATES

-

FORCE
G.
-6.7756E+01
“9.6047E Y
~1.25795E4+07
-1.6949E407
-~T.033FE4LT
-2, 259%E+07
-2.998%E4+12
-~T.BRA9E+0C
~2.7375E+92
-2.9944E+492
-3,0%05E407
~3.1073E402

(LES/FT)

AT ELEVATION -10.,05

YUY COOQRUINATES

FDRCE
D
-9.6037T+01
~1.91258497
~1.9209E+02
=2, 4294E+02
“2.937FC0+02
-3.33F7E+62
-3.,0113E4922
~4,AETAERNT
-4,74%FE402
-4,.8583E407
-4.9718E+92
~%.0283E+02

{LBS/FT*

LCISTRITUTION ENTS AT ELEVATION
TURVE TOORUINATES
TISFL (FT) FORCE (LBS/F73
a G
T.H83I3E-03 ~1.6710E+0T
~1.57S2EN2
~2.141%€+02
-2 7LBSEHOT
-3.2759E4CT
3.275FE+07
~4,47ISEHOT
4 STEBENT
T.TF18E+IT
~NLALTREYAT
-5.S43B8ET
~5.606BEHCD
GISTRIBUTION STARTS AT ELEVATION -20.00
CURYE COORDBINATES
DISFL TT FOFCE (LBS/FT)
b o,
SL.0833E-03 ~3,A4A5F 402
12208 -03 ~3.737FEHG2
1. 1447E-03 -59.858ZE+02
TG833E-03 -4 2FFBENT
A.7167E-33 & 173IBEHLD
U 4 2 ) ~5,9B43E+"7
VaFALTE-RD ~5.8588E+0T
1.2%00E-02 =5.795BE+0"
1.4%83€-02 ~5.7328E+07
1, 88467E-02 -5.6898E462
1.8730E-02 -5, 64653E40C
2,0833€-07 -5, 6458E402
CITTRINOTION ENDS AT FLEVATION -80.00
CURVE COORDINATES
LINFL (FT) FORCE (LBS/FTY
LR G.
Z.0833E-03 -5,6098E+02
3.120C¢E-03 ~7.7S18E492
A, 1867€E-03 ~9.,4857€E407
5.9833E-03 -1.0200E+403
A.F167E-03 -9,9957E+02
3.33338-33 -9.46BY7E402
1.0417€-572 -9.4857E+02
1,2500F - 22 -9.3837€E402
1.4%838-42 -9.2817E+02
1,4687€-07 ~9.1797E+02
1.87508-10 ~9.17%7EV02

-9.1797E402

(FT

(FY

25,00 (FT*

CETY

FTe
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FROGRAM CAXFPILE - SOIL-STRUCTURE INTERACTIDN ANALYSIS
OF AXIALLY LOADELD' FILES
DATE: 02/08/83 TIME: 07125120
II1.--SUMMARY OF RESULTS
IIT.A,--HEADRING
‘PILE IN CLAY, SOIL DATA INFUTs ND TIF REACTIDN
"AUSTRALIA TEST® FILE FROM REESE AND' COYLE

III.B.~-DISFLACEMENTS AND FORCES

<--FILE HEAD--" “-~FILE TIF--- H
PISFL FORCE nIgEL FORCE )
(IND (LE) (IN (LE) i
0,000 0. G.000 0. i
.048 . 9013. ,002 G. /
.094 17729, .003 0. .
.144 25508, .005 0. i
.192 32137, .008 o, :
. 240 37716, .011 0. .
.288 42503, 1015 0. :
.334 46667, .020 0. {
.384 50311, .028 0. ,
+432 53410, . 039 0,
,480 54897, 1067 0.
.500 53870, .098 0.
MAXIMUM FILE HEAD FORCE = 54897, (LE) .
AT DISFLACEMENT = .480 (IN) i
4
¢
1]
]
]
e
]
48
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Example 3--Pile in Clay; Soil Data Input,
Tip Reaction Added

57. The input data for example 2 were edited during execution to
add a reaction determined from soil properties at the pile tip. The
input file saved by CAXPILE following editing appears as follows:

1000 *AUSTRALIA TEST® SYSTEM FROM EXAMFLE 2
1010 WITH TIF REACTION FROM SOIL DATA ADDED

1020 PILE 0.00 ~-B0.0 3,00E7 6.366 2.49

1030 SIDE SOIL

1040 0,00 112.00 CLAY 200.0 0.01 408.0 0.01

1050 TIF SOIL

1060 FINISH

The echoprint is shown on page 50.

58. Nonlinear curves generated by CAXPILE are shown on page 50.
Curves for side friction are identical with those of the previous exam-
ple. The force-displacement curve for tip reaction is shown on page 52.

59. The summary of results for this example is shown on page 52.
The contribution of tip reaction to pile capacity is small in this case
(Figure 14). It is of interest to note that maximum pile capacity is

reached before maximum tip reaction occurs.

i
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FPROGRAM CAXFILE - SOIL-STRUCTURE INTERACTION ANALYSIS

OF AXIALLY LOADED FILES
DATES 02/09/83 TIME: 09:22:14

I.-—INFUT DATA

1.--HEADING
*AUSTRALIA TEST® SYSTEM FROM EXAMPLE 2
WITH TIF REACTIDN FROM SOIL DATA ADDEL

2.--PILE DATA

<==ELEVATIDN-~ MODULUS OF QUTSIDE SECTION

START STOF ELASTICITY DIAMETER AREA

(FT) (FT) (FSI) (IN) (IN)

0,00 -80.00 3.00E+07 6.37 2.49

3.--SIDE FRICTION SDIL AND WATER DATA

GROUND MWATER UNIT WEIGHT = 0.0 (FCPF)
SOIL LAYER DATA
Gm———— TOF OF LAYER----- > {~---HBROTTOM OF LAYER---
TOF UNIT FRICT STRAIN FRICT STRAIN
EL. WEIGHT ANGLE COH. S0%Z ULT, ANGLE COH. S04 ULT.
(FT) (FCF) (DEG) (FSF) (DEG?) (FSF)
0.00 112,00 200, 40100 408. 0100

4.,--TIF FORCE-DISFLACEMENT DATA

FROM SOIL DATA AT FILE TIF ELEVATION = ~-80.00
EFFECTIVE TIF AREA = 31.83

FROGRAM CAXFILE - SOIL-STRUCTURE INTERACTION ANALYSIS
OF AXIALLY LOALEL FILES
DATES 02/09/B7 TIMES: 09122133

IT.-~NONLINEAR CURVE DAT#4 GENERATED EBY CAXFILE
IT.A.——HEADING

*AUSTRALIA TEST' SYSTEM FROM EXAMPLE 2
WITH TIF RCACTION FROM SOIL DAT& ADDED

i E LINEAR  BRVED FOF SIDE FRICTION

LEFSINCL FREON 3000 DATAH

TrNTRIEITI0M TTARTS AT ELEVATION AL00 TET
TURVE CRORDINATES
A SUNER 2 B FORCE (LBS/FT)
5.
T€I3E-0T S G.e9SEF N

ot G R AT2TT400
-1.,1500E40"
-1 S66F A0
~1."999E 407
-1.935FE4N"
-2.2999E45"
LA99FE 40"
LIRSFE4GT
L6A99F £52
AL 48 T
LTA99F 40"

L A%T !
8647 DT
SRTNOE- 4T
JOBI3E-CD

1131312 1)

Vo
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BITIRIBUTION ENDS

CURVE
DISPL (FT)
N,
2.0833E-03
3,1250€-03
4,1587€-03
S.583I3E 03
6.9167E-03
8,33I33IE-03
1,941 7€-02
1.2300E-02
1.4383E-02
1.6487E-02
1.87350E- 02
2.,0833E "2

AT ELEVSTION -10,00 FT)

CONRDINATES
FORCE (LBS/FT)
LN
~6.779BE+01
-9.6047E401
~1.2995F+52
“1.46935E+407
“2.03390400
=2.TSFEREY
“2.HPERERCT
-2.824°E 402
~2.937FE+062
-2.95348402
-3,0%0SE+NY
-3.107aE4+°

AIATRIBUTION STAFTS AT ELEVATION -10.06 (FT)
CURVE COOJREINATES
DITFL (FT FORCE (LBS/FT)
N, b
Z.08B3I3E-03 -9.60472F 401

3.1250€-03
3.1667E-03
5.0833€-n3
6.91467€ 6T
8.3333€-673
1.3317€-02
1.75300F-02
1.4°83E-02
1,66467E-07
1.8750¢F -
<.0833E

TIRTRIBUTINN ENDIS

CURVE
HISPL (FT
LN
T.03338-03

CAZT0E0S
VL1667E- D3
3.58730-n3
& . T1LTE-D3
8.3333£-03
1.03172-62

DISTRFIELTION START.

FURVE
DisPL (FT
D
THCGR33E 93
12508 23
d.10b7E 53
%,58336-93
6.5167E-03
8.3313E
1.0417E- 72
1.2500€-02
1.4383¢ 50
1.6567€ 02
1,87308 NU
2.0833E-02

LISIRIBRUTION ENLS

CURYVE
DISFL (FT)
0.
“«QE33E-33
3.1250E-C3
4. 1667 03
5+5833E-03
649167€-03
8.2333E-03
1.0417F- 07
1.2%00€-72
1.,4%583E- 62
1.8487E-07
1.87308E 22
T,6833F 02

~1.4120E+02
-1 .,9209E+402
~2.42F94E402
~2.5379E+02
~3,3899E+07
-4.0114E+02
~4,4534E402
-4.745%E402
~4.8588C+02
-3.5718E+02
~T.0283E+02

AT ELEVATION -20.00 (FT)

COORDINATES
FORCE (LBS/FT)
0,
-1,06710F 402
-1 STOJEHGT
~2vi31FE4GD
-2V TOETESGT
3. 275FE4A2
~3,77SFE$02
-4,47IFE402
-4.,5768BE+0Y
~5.2918E4+67
-3.3178E4NT
-5.%4338E4062
-5.,606BF 0T

o7 ELFVATION -

3]

<

2 FD

o

COCREINATES
FORCE {1 EKS/FT)
0.
-3.4639€¢02
-4, 7879E402
-7.83582C+407
-5.,2976E407
-6.173BE+OY
~3.9848E+02
~5.8588E+02
-3.79I8BE+02
-5 7328402
-5.8478E+02
-5.56F8E+02
-5, 6698E402

AT ELEVATION -80.00 (FT)

COORDINATES
FORCE (LEBS/FT
0,
~5.46098E402
=72 7518E407
-9 A8TTEHOY
~1,5200E+03
“9,FFLTFOT
~9.,6897Et07
~9.,4857E+02
-9.3837F+32
-%.,2817E+02
9 1TRILEOT
SR 1TITE D
SRATETERCT
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FROGRAM CAXFILE - SOIL-STRUCTURE INTERACTION ANALYSIS
OF AXIALLY LOADED FILES
DATES 02/09/83 TIME: 09122145
IT1I.--SUMMARY OF RESULTS
III.A.~--HEADIING

"AUSTRALIA TEST® SYSTEM FROM EXAMFLE 2

WITH TIF REACTION FROM SOIL DATA ADDED

IT1.B.,~--DISFLACEMENTS AND FORCES

<~-FILE HEAD--% “=--PILE TIF---0

IISFL FORCE DISFL FORCE
C(IND (LB CIND (LE)

0,000 0. 0.000 0.
+048 5015, 002 15,
1 0%6 17731, 003 31,
144 29510, 00 45
192 32141, + 008 72
240 37724, 011 161,
. 288 42516, 20135 139.
3348 46691, +020 189.
384 50361, 027 25%.
432 53512, .028 382
+ 4890 55487, 060 575,
500 05069, PR LT 800.

MAXIMUM FILE HEAD FORCE = 55487, (LE)

AT DISFLACEMENT = ,480 (IN)




L0AD, LB
° 11096 22192 33288 44384 55480
. s548 16644 27740 388% 49932
T T T T T T T 1
\
0083 -\
\
0167 |\
\
‘m F \
s \
H o4 b )
I \
H 0418 | \
€ \
N
T \
. o501 | \
1 \
N 0585 | \
\
0669 L. \
\
082 L \
\
.on2 L \

11 S LEREnT

— — — HEAD SETTLENENT ENTER ‘R’ TO AEPLOTY
OR CARRIAGE TO CONT.I)

Figure 14. Plots of head and tip settlement, example 3
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Example 4--Pile in Layered Soil

60. The pile~soil system shown in Figure 15 was analyzed with
side friction and tip reaction determined from soil properties. The

input file appears as follows:

1000 HF 14XB9 PILE IN LAYERED SOIL
1010 ‘TIP REACTION FROM SOIL DATA
1020 FPILE 0 -10%,9 30.E6 18,16 246.1
1030 SIDE SOIL

1040 0 105 CLAY 750 .01

1050 -27 13G SANDR 30

1060 TIP SOIL 204

1070 FINISH

ELO 4 7
Clay:
y = 105 pcf
C = 750 psf
650 = 0.0)
EL ~27 —H— 7
Sand:
& y = 130 pcf
X ¢ = 30°
-1
a-
o =4
o
a .
EL -105.5

Figure 15. Pile-soil system for example 4 ]
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The echoprint of input data is shown on page 56.
61. The nonlinear curve data generated by CAXPILE are shown on

pages 56-60. The first six side friction curves (pages 57 and 58) are

for the three zones (A, B, and C) of the clay layer. The remaining

curves, for the sand layer, are generated at: the sand-clay boundary;

at effective D/B equal to 15 (first integer multiple of 5); at succeed-

ing increments of effective D/B equal to 5 until D/B is greater than

45; and at the pile tip. The tip reaction curve (page 60) corresponds

to an effective D/B at the tip equal to 66.4.

62. Forces and displacements at the pile head and tip are shown

in the summary on page 61. The summary indicates that ultimate side

friction contribution (difference between head and tip forces) to pile

i capacity occurs at a pile head displacement of 0,708 in. Figure 16
4

shows the plots of tip and head settlement.

Xt + AZTMRM 42NN

LEGEND
—— TIP SETTLEMENT
— = = HEAD SETTLEMENT ENTER ‘R’ 10 REPLOT
OR CARRIAGE TO CONT.I>

Figure 16. Plots of head and tip settlement, example 4
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FROGRAM CAXFILE - SOIL-STRUCTURE INTERACTION ANALYSIS
OF AXIALLY LOADED FILES
DATE: 02/08/83 TIME: 09:09:26

I.--INFUT DATA
1.--HEADING

HF 14X89 FILE IN LAYERED SOIL
‘TIP REACTION FROM SOIL DATH

2,-~PILE DATA

“==~ELEVATION-- MODULUS OF QUTSIDE SECTION

START STOF ELASTICITY DIAMETER AREA

(FT) (FT) (FSI? (INY (IN)

0.00 ~105,50 3.00E+07 18.16 26,10

3,--SIDE FRICTION SOIL AND WATER DATA

GROUND WATER UNIT WEIGHT = 0.0 (FCF)
SOIL LAYER DATA
f=———— TOF OF LAYER--—-- b “=-—~ROTTOM OF LAYER---3
TOF UNIT FRICY STRAIN FRICT STRAIN
EL. WEIGHT ANGLE COH. 30% ULT. ANGLE COH. S0% ULT.
(FT) (FPCF) (DEG) (FSF) {DEG) (FSF)
§6.00 105,00 750, 0100 750, .0100
-27.00 130.00 30.0 30,0

4.,-~TIF FORCE-DISFLACEMENT DRATA

FROM SOIL DATA AT FILE TIF ELEVATION = -105.350 (FT)
EFFECTIVE TIF AREA = 204.00 (SQGIND

FROGRAM CAXFILE - SDIL-STRUCTURE INTERACTION ANALYSIS
0F AXIALLY LOADED FILES
DATES 02/08/83 TIME: 09107144

I1.--NONLINEAR CURVE DAaTA GENERATED BY CAXFILE

II1.4.-—HEADING
HF 14X89 FILE IN LAYERED S0IL
‘TIF REACTION FROM SO0IL DATA




iTI.B.--NONLINEAR CURVES FOR SIDE FRICYION
OETAINED FROM SOIL DATA,

DISTRIBUTION STARTS AT ELEVATION 0.00 (FT)
CURVE COORDINATES

DISFL (FT) FORCE (LBS/FT)

0. 0.

2.0833E-03 -4,278BE+02

3.1250E-03 -6,0617E402

4,1667E-03 -8.2011E402

5.5833€-03 -1.06%7E403

6+9167E-03 -1.2837E+03

8.,3333JE-03 ~1.4263E403

1.0417E-02
1.2500€-02
1,43583€E-02
1.6467E-02
1.87%0E-02
2,0833E-02

GISTRIRUTION ENDS

CURVE
DISFL (FT)
]
2,0833E-~03
3.1250E-03
A.146467E-03
5.,5833E~03
6,9147E-~03
3.,3333E-~03
1.0417E~02
1.2500E~02
1.4983E~02
1.6647E-02
1.8750E-02
2,0833E-02

DISTRIBUTION STARTS

CURVE
DISFL (FT?
Q.
2.,0833E-03
3.1250E-063
4.1467E-03
T+9833E-03
6.9167E-03
8.,3333E-03
1,0417E-02
1.,2500E-02
1.,4583E-02
1.6667E-02
1.B750E-02
2,0833E-02

DISTRIRUTION ENDS

CURVE
DISFL (FT)
0.
2.,0833E-03
3.,1250E-03
4,1447E-03
5.5833E-03
5.9167E-03
8.3333E-03
1,0417E-02
1,2500E-02
1,4583E-02
1,6887E-02
1.8750E-02
2.0833E-02

-1.6402E403
-1.7829E103
-1.8542€E+03
-1.8898E+03
-1.9255E+03
~1.9611E+03

AT ELEVATION -10.00 (FT)

COORDINATES

FORCE (LBS/FT)
0.
-4,2788BE+02
-6,0617E+02
-8.2011E402
~1.0897E+403
-1.2837E+03
~1.4263E403
~1.6402E4032
~1.7829E+03
~1.,83542E+03
~1.88B98E+03
~1.925SE403
~1,9411E+403

AT ELEVATION -10.00 (FT)

COORDINATES

FORCE (LERS/FT)
[
~6.0617E+02
~-8.9143E+402
-1.2123E+03
-1.5333E+03
-1.,8542E+03
-2.1394E+03
-2,.5317E+03
-2,8149E103
-2.99392E+03
~3.0645E+03
-3.1378E+03
~-3.1735E+03

AT ELEVATION ~20.00 (FD

COORDINATES

FORCE (LBS/FT)
0.
-6.0617E402
~8.9143E402
-1.,2123E+403
-1.5333E403
-1.8542€+403
~2,1394E403
-2,5317E+403
-2.,8149E+03
-2,9952E403
-3,066%E+403
-3.1378E+403
~3.1735E+03




o

DISTHIBUTIDN

CURVE
DISFL (FTO
a,
2.0833E-03
3.,12350€-03
4.1667E-03
F.35833E-03
6.9167E-03
8.3333E-03
1.0417€-02
1.2500E-02
1.4583E-02
1,66867E-02
1.8750€-02
2.0833E-02
DISTRIEUTION ENDS
CURVE
DISFL (FT)
0.
2.0833E-63
3,1250€- 33
4,18647E-03
5,59813E-03
6. F167E-03
8,2333E-03
1,0417E~-C2
1.2500E -02
1.4333E-00
1.8647E-HT
1.87%0E-02
T.0B33E-02

STARTS

AT ELEVATION -20.00 (FT)
COORDINATES
FORCE (LBS/FT)

0.
-1.9611E+03
-2.7099E+03
-3.3161E403
-3.5657E+03
-3,4944E403
-3.3874E+03
-3.3141E403
-3.2805SE+03
-3.2448BE+03
-3.20%1E+03
-3.,2091E+03
-3.2091E+03

AT ELEVATION -27.00 (FT)
COORDINATES
FORCE (LBS/FT)

0.
~1.9611E403
-2.7099E+03
-3,3161E403
-3.5437E+403
-3.4934E+403
-3.3874E+03
-3,.31461E+53
-3.2805E+63
-3.2448F 407
-3.24%1E403
=3.2091C+4073
-3.2071E403

DISYRIBUTION STARTS AT ELEVATION -27.00 (FT)
CURVE COORDINATES
DISFL ‘FT) FORCE (LBS/FT»
D 0.
<2T00E-02 -56.,4438E+02
1,0417€E-02 ~9.6732E+402
1,66467E-02 -1.1408E403
2,3000E-47 ~-1.28%98€E403
A.164TE-CT -1.2898E+03
DISTRIBUTION CONVINUES AT ELEYATION -27.8% (FT)
CURVE COORDINATES
DISFL (FT) FORCE (LES/FT)
0. [
6,2500E-02 ~6.3609E402
1.0417€-02 -7.8414E+402

1.,6667€E-02
2,5900E-02
4,14670-02

BICTRIRUTION CONTINUES AT ELEVATION

-1.1810E403
-1.3122E403
-1.3122E+403

-35.46 (FT)

CURVE COORDIINATES

DISFL
i,

4,2900E-NT
1.,0417E-02
1.8667€E-02
2,.5000E-52
4.1647E-02

(FTy

FORCE
0.
=7.3691E+402
~1.,1054E+03
-1.3264E+03
-1.4738E+03
-1.4738E403

(LBS/FT)




DISTRIRUTION CONTINUES AT ELEVATION -43.03 (FT»

CURVE COORDINATES

BISFL (FT) FORCE (LBS/FT)
G 0.

6,23500€-~03 -8.3200E+02
1.0417E-02 -1,2480E+03
1.6867€~02 -1.49746E403
7+5000E-02 =1.6640E%03
A.1667E~02 -1,6640E403

OISTRIBUTION CONTINUES AT ELEVATION -30.59% (FT)

CURVE COORDINATES

DISFL (FT) FORCE (LES/FT)

9. 0.

6.2%200E-03 -8.7003E+02

1,0417€-62 -1,3050E+03

1.6647E-02 ~1.5661E403

2.5000€-6G2 -1.74901E403

A.1847E-02 -1.7401E4+03

NISTRIBUTION CONTINUES AT ELEVATION -98.16 (FT»

CUFVE CONRDINATES

BISFL (FT» FORCE (LES/FT)
i S,
A.IN00E-43 -2,2708E4+02
1.0A37F- 07 -1.3504F+07
1.4447E-02 ~1,65483E+03
T,7080E-07 -1,294T7E+03
4.1467E 02 -1.8342E+073
TYITTRIBUTION CONTINUES AT ELEVATION ~65.73 (FT)
CURVE COORGINATES

TISFL (FT>» FORCE (LES/FT)
L 0.

&L 2TO0E-02 =9, 0GB4EH02
1.0317E-062 -1,4243E+03
1.66467E 02 -1, 711GE403
2,5000L-0C -1,9017E+473
4.1667€-62 -1.9017E+G3

DISTRIEUTION CONTINUES AT ELEVATION -73.2% (FT»
CURVE COORLINATES

DISFL (FT) FORCE /LEBS/FT)
N C.

4 2200E-03 -9.,5086E+02
1.0417E-02 =1,4243E403
1.6667E-02 -1,7115E+403
2,5000E-62 -1.$017E+03
4,1667E~02 -1.5017E+03

DISTRIBUTION CONTINUES AT ELEVATION -80.86 (FT)

CUFYE COORDINATES

DISFL (FT) FORCE (LBS/FT)
0. 0,

6.2500E-03 -9,5086E+02
1,0417€-02 ~1,4263E+03
1.6667€-02 -1.7113€E+403
2.5000€-02 -1.9017E403
4.1667E-02 -1.9017E+03

DISTRIBUTION CONTINUES AT ELEVATION -88.43 (FT)

CURVE COORDINATES

DISFL ‘FT) FORCE (LRS/FT)
G 0.

6.2500E-03 ~9.50B8E+02
1,0417€-02 =1.4263E403
1.6447E-02 -1,7115E+403
2,3000E-02 ~1,9017€E+403
4,1667E-02 -1,5017€403
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UDISFL (FT)
0.

4+2500E-03
1.0417E--02
1.6667E~02
2,5000E~02
A,1867E~02

DISTRIBUTION CONTINUES AT ELEVATION -95.99 (FT)

CURVE COORDINATES

FORCE (LES/FT)
G,
~9.,50B&E+02
~1.42463E+03
~1.7115E+03
~1.,9017E303
~1.,9017E+63

UISTRIBUTION CONTINUES AT ELEVATION 103,54 (FT)

CURVE
DISFL (FT»
0.
642500E-03
1.0417E-02
1.63467E-02
7 T000NE-CZ
F.148678-02

BISTRIZLTION ENIS
CURVE
DISFL (FT)

0.

5 TDOME-33
1.0417E-52
1.6467E-02
T.0000CE-02
3.146670-02

COORDINATES

FORCE (LBS/FT*
.
~5.53086E+D2
~1.4263E403
~1.7115E+03
~1.9017E+03
~1.7017E403

AT ELEVATION ~100.50 (FT»

COORDINATES
FORCE (LBS/FT)
0.
~2,20B4E+02
-1.,4263E403
-1.7115E+03
-1,9017E+403
-1.9017E+03

TT.C.~ -NAGNLINCAT CURYE FOR FILE TIF RESISTANCE
OETAINEDR FROM SOIL DATA.

CURVE
BISFL (FT)
0.
3,333ITE-03
2.3000E-C2
5.2500E-02
B.33I3I3E-02

COORDINATYES
FOFCE (LESH
o,
-4.1933E+04
-7.85625E+04
-1.1532E40%
-1.1532E405
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FROGRAM CAXFILE - SOIL-STRUCTURE INTERACTION AHALYSIS
OF AXIALLY LOADED FILFS
LATE: 02/08/83 TIME: 09310102

ITI.~--SUMMARY OF RESULTS
ITII.A+~-HEADING
HF 14X89 FILL IN LAYERED S0IL
‘TIF REACTION FROM SOIL DaTaA

IIT.B,--DISFLACEMENTS AND FORCES

T==FILE HEAL--: ~-TILE TIF---0
DISFL FORCE uitrtl FORCE
I (LG 8 (LB
0,000 0. G007 0.
.110 115220, W02 13415,
2220 188380, JO70 29322¢,
+330 235820. <121 w719,
+440 2649435, 152 58747,
LS50 286148, ST 73088,
b0 277369, L3462 BI64C,
770 303293, +A5% F1%84a.
+880 313218, 356 507 .
1?90 321142, -3 107433,
1.1¢0 327029, 751 1153217,
1.120 325025, W771 115217,

MAXIMUM FILE HEAD FORCE

- 329025, (LE)
AT DISFLACEMEMT - 1,100 (IND
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